The purpose of our study was to investigate gait dynam ics and kinem atics in patients with P arkinson's disease (P D ) and to correlate these features w ith the predom inant clinical features and w ith the presence of the freezing of gait (FOG). W e m easured the tem porospatial and kinem atic param eters of gait in 30 patients with PD (M :F=1 2 :1 8 , age=6 8 .4 3 ±7 .5 4 ) using a com puterized video m otion analysis system . M ethods: W e divided the subjects into subgroups: (1 ) trem or-dom inant (TD) group and postural instability and gait disturbance (PIGD) group and (2) FOG group and non-FOG group. W e com pared the gait param eters between the subgroups. Results: The walking velocity and stride length w ere reduced significantly in the P IG D group com pared to the TD group. The P IG D group show ed a significantly reduced range of m otion in the pelvic and low er extrem ity joints by kinem atics. Stride tim e variability was significantly increased and the pelvic oblique range was significantly reduced in the freezing gait disorder group. Conclusion: Our findings suggest that there are differences in the perturbation of the basal ganglia-cortical circuits based on m ajor clinical features. The reduction of the pelvic oblique range of m otion m ay be a com pensatory m echanism for postural instability and contributes to stride tim e variability in patients w ith FOG. Journal of Movement Disorders 1(2):59-64, 2008
INTRODUCTION
Patients with Parkinson's disease (PD) often present with difficulty in initiating and/or maintaining normal walking.
The disturbance of routine gait activity may cause substantial discomfort and impairment in activities of daily living. Gait requires a complex set of behaviors which include the simultaneous performance of locomotion while maintaining balance. Gait disturbance is a common feature of movement disorders, especially in PD. Careful observation and analysis of gait patterns frequently helps diagnose patients with movement disorders. [1] PD is primarily a disturbance of motor function typically with bradykinesia, resting tremor and rigidity. Gait as if the feet were stuck to the ground. It is a unique symptom that frequently causes patients to fall. FOG is a common and disabling gait problem in patients with PD, especially in the advanced stages. [5] FOG, in off-phase PD, responds well to levodopa suggesting a dopa deficiency with resulting motor circuit dysfunction as the underlying pathophysiological mechanism; however, levodopa is not effective for treatment of FOG in advanced stage PD or in other parkinsonian syndromes. Recently, quantitative gait analysis studies suggested that FOG is caused by a combination of increased inability to generate stride length superimposed on an unregulated walking cadence. [6] The main purpose of this study was to investigate the temporospatial and kinematic patterns of gait with a three dimensional gait analysis system in patients according to their clinical features comparing (1) the PIGD group with the TD group, and (2) the freezing group with the non-freezing group.
MATERIALS AND METHODS

Subjects
We recruited patients from the Movement Disorders Unit 
Gait Protocols and Instrumentation
All gait evaluations were performed and recorded by an identical method. The standing posture was used as the baseline standard. Subjects were instructed to walk at their usual pace on level ground for 10 m, turn and walk the same route back. This was repeated until identical and complete walking information was obtained.
We performed the gait analysis with an automatic computerized video motion analysis system (Oxford Metrix vicon 512 motion analysis system). Based on biomechanical models, the pelvis and the lower extremities of each subject were measured by 15 retro-reflective markers.
These markers were attached to the anterior superior iliac spine, lateral aspect of the thighs and shin, knee jointaxis, lateral malleoli, heels, forefeet and the sacrum area. A computerized system recorded the information from the retro-reflective markers automatically at a speed of 30 Hz.
This information was then transferred to a workstation.
The temporospatial parameters were reconstructed and analyzed automatically at the workstation. Stride time variability, the magnitude of the stride-to-stride fluctuations in the gait cycle duration, was calculated by determining the standard deviation and the coefficient of variation of each subject's stride time. [8] Table 1 .
The tremor-dominant patient (TD) group and the postural instability and gait disturbancedominant patient (PIGD) group
1) Spatiotemporal results
The patients in the PIGD group had a significant reduction in walking velocity, stride length and ratio of single support time to double support time compared to the TD group. However, the cadence, single support time and double support time were not significantly different (Table 2) .
2) Kinematic results
For the PIGD group, the range of pelvic oblique, hip extension, ankle plantar flexion and knee flexion during the swing phase (SW) were significantly reduced. However, the range of pelvic tilting, hip flexion and knee flexion during terminal stance (TS) and ankle dorsiflexion were not significantly different (Table 3) .
3. The patient group with the freezing phenomenon and the patient group without the freezing phenomenon
1) Spatiotemporal results
The stride time variability was significantly increased in the freezing group. However, there were no significant differences in the walking velocity, walking speed, stride length, the single support time and the double support time between the freezing group and the non-freezing group (Table 4) .
2) Kinematic results
In the freezing group, the pelvic oblique motion was significantly decreased. However, other kinematic para-meters (pelvic tilting, range of motion of hip and ankle)
were not significantly different (Table 5) . and during the freezing phenomenon with a computerized three dimensional gait analysis system. In addition, we observed that the pelvic oblique movements were reduced in the freezing group. This was thought to be a compensatory mechanism to overcome the freezing phenomenon and to maintain postural stability.
DISCUSSION
In conclusion, we detected changes in walking velocity and stride length and decreased range of motion in the PIGD group. This was thought to be caused by abnormal regulation of the cerebral cortex-basal ganglia. Stride timee variability was increased and the pelvic oblique range of motion was decreased in the freezing group. It is thought that FOG is not a distinct phenomenon but rather a type of gait disorder, with the loss of the ability to control changes of stride length, to compensate for such changes and to maintain postural stability.
